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Abstract 
The benefits of deep green renovations speak for themselves. At the moment the number of deep green renovations has grown 
significantly and the results have shown a variety of benefits from deep renovations both from a health and wellbeing perspective 
as well as economical perspective. Yet when looking at the existing building landscape, the vast majority of buildings in Baltic 
countries as well as in Europe are not renovated deeply or renovated at all and have reached or are about to reach the end of their 
expected lifetime. The multi-apartment stock accounts for the largest share of the existing building stock both in terms of the 
number of inhabitants as well as square footage. For example, only in Riga, largest share of multi-apartment buildings – 40% 
(18.44 million square meters) were built 36 to 55 years ago. Taking into account that most multi-apartment buildings were built 
to last for 30 years or even less, complex renovations are crucial in order to continue the exploitation of the stock. The large scale 
renovations uptake, both using the EU’s structural funds and private sector financing also opens a room for innovation and 
improvements both in the existing building stock and building sector in general.  In order to attract investments, a logical 
building sector system is required. Deep green renovations help shaping the system and improving the existing practices. 
The four key elements for implementation of deep green renovation practices on a national and regional levels are policy and 
regulation, finance and economics, skills and capacity building and overall awareness. This paper discusses the potential in each 
of these elements and looks at best existing practices. One of the key challenges of identifying the most successful practices is the 
impact data collection, meaning that for many of these initiatives only the expected impact is estimated, but no measures to 
evaluate actual results have been taken. Additionally, paper discusses the necessary connections between these elements in order 
to reach the quickest possible result and most rapid improvements in the existing building stock. The hypothesis states that the 
finance for deep green renovations will flow once the society asks for quality in renovations, enough skilled specialists are in 
place to carry out different works in the deep renovation process and legislation is progress driven and innovation enabling. 
However, the conclusions state that awareness of society is an umbrella process that needs a continuous improvement through 
various forums and continuous advocacy to ensure development on other processes related to it.  
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1. Introduction 
When considering the importance of deep renovations, multiple criteria need be considered. First of all, looking 
at the global trends in climate change mitigation and adaptation efforts, buildings and the energy consumption 
accounts for large percentage of global emissions. In 2010, buildings accounted for 6.4% of global emissions 
directly and 12% indirectly (considering their energy consumption) [1]. Therefore, recognizing the global effort, 
including the new Paris agreement, agreed in December 2015 and recently signed on the 22nd of April 2016, when 
planning new buildings and considering the existing building stock, the mitigation on emissions that are created in 
order to meet energy demand in buildings must be considered. Various measures can be implemented in order to 
contribute to this global effort and ensuring that the demand in buildings sector for emission intensive energy 
decreases.  
Secondly, buildings are essential for meeting the basic needs of humans and therefore key to meet the social 
fairness goals. The housing policies have been a major concern for politicians throughout centuries. And the near 
past and historical heritage is the part of building stock that requires the most urgent attention because it is and will 
be where our homes are. For example, looking at the Baltic countries, the large number of Soviet block buildings 
were built during 1980s. And this kind of establishment of homes is not expected to happen in the near future with 
current circumstances. Even the ‘’housing boom’’ in the period of 2004-2007 the number of homes build is not 
comparable to the number of soviet block buildings, nevertheless to the existing stock overall.  
These two elements show the kind of positive impact deep renovations can have both environmentally and 
socially. That includes human health and well-being aspects and those are the ones that need urgent and specific 
attention when implementing deep renovations. This highly relates to the quality issue. Many case studies of recent 
renovations show two main concerns regarding quality. Firstly, the intended energy savings are not reached in many 
cases due to poor quality projects, materials or building works. Secondly, the indoor environmental quality is low 
due to insufficient ventilation solutions or inadequate quality material selection, as well as lack of user education.  
In order to consider these and many other specific elements in terms or implementing deep renovations on a large 
scale, strategies need to be defined on various levels. The EU Energy Efficiency directive is an umbrella process for 
the EU-28 countries in terms of energy efficiency and is the main instrument for implementing EU’s goals in terms 
of energy efficiency increasing by 20% up to year 2020. The Article 4 of the directive states that Member States 
shall establish a long-term strategy for mobilizing investment in the renovation of the national stock of residential 
and commercial buildings, both public and private. This strategy shall encompass: (a) an overview of the national 
building stock based, as appropriate, on statistical sampling; (b) identification of cost-effective approaches to 
renovations relevant to the building type and climatic zone; (c) policies and measures to stimulate cost-effective 
deep renovations of buildings, including staged deep renovations; (d) a forward-looking perspective to guide 
investment decisions of individuals, the construction industry and financial institutions; (e) an evidence-based 
estimate of expected energy savings and wider benefits. A first version of the strategy shall be published by 30 April 
2014 and updated every three years thereafter and submitted to the Commission as part of the National Energy 
Efficiency Action Plans [2]. 
The strategy making enables space for conversations between various stakeholders involved – governments, 
financial institutions, energy providers, public agencies, non-governmental organizations, building users, 
construction businesses, research institutions, media and others. This debate is at the same time an opportunity and 
challenge. However, it allows considering different aspects. This paper considers the various aspects of this debate 
and their cross cutting relations. Those aspects fall under financial and economic considerations, policy and 
regulatory frameworks, raising of skills and capacity and overall awareness among stakeholders and broader society. 
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2. Review of the existing building stock of Latvia 
2.1. Statistics 
The criteria to assess the urgency of renovation debate are various. Looking at the age of buildings across 
different sectors, it becomes evident that the aging stock needs to be renovated in order to be able to conserve the 
existing buildings and continue their exploitation. 
Latvia’s building stock totals for around 1.35 million buildings with a total area of 198 million m2. However, in 
order to assess the actual potential in terms of energy efficiency improvements, only the buildings with heating or 
cooling demand need to be looked at. Approximately 400 thousand buildings are being heated or cooled regularly. 
352.4 thousand buildings with a total area of 86.9 million square meters are residential buildings.  
The buildings constructed pre-second world war a mainly wooden in rural areas and brick wall buildings in cities. 
Most of the buildings have up to two floors. Post war construction up to 1960s is mainly good quality brick 
buildings. Within the period between 1960s and 1990s large number multi-apartment buildings in series were 
constructed. These building were typically rather low quality in terms of insulation and envelope all together. After 
1990s the quality standards for building envelopes were significantly raised and building in series practically 
stopped [3].   
Similarly, as for most post-soviet countries, highest share of residential buildings in terms of area is multi-
apartment buildings – 58%, followed by single family buildings of 39%. The commercial and industrial sectors 
share accounts for area of 27 million m2 and 17.2 million m2. 
In order to represent the age of buildings in Latvia, the multi-apartment stock was analyzed. Figure 1 represents 
the age among multi-apartment buildings. The figure highlights certain realities. Firstly, the percentage of buildings 
built 22 years ago and less still only accounts for 31%. This means that there was no time when the construction 
housing sector has been able to grow in the pace that would be comparable to the existing stock even considering 
the” housing boom’’ experienced during the first decade of 21st century. The life expectancy of buildings varies 
based on different criteria, including the quality of construction, materials used, technologies, weather and 
environmental conditions, maintenance over time and other factors. Therefore, the age of buildings is not the only 
criteria to assess the current state of existing building stock. However, it is clear that multi-apartment buildings that 
need urgent renovation in order to continue their exploitation. 
 
Fig. 1. Age of existing multi-apartment building stock in Latvia 
2.2. Energy consumption 
The energy efficiency of households is not only important for economy of the country, but also in terms of 
meeting local, national and international goals in terms of climate change. Existing buildings currently account for 
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36 per cent of the EU’s total carbon emissions. With the new Paris agreement that was signed on 22nd of April 
2016, it becomes more important than ever to focus on the existing building stock in order to mitigate the emissions. 
Clear long-term energy efficiency improvement targets are needed in order to implement EU’s main climate and 
buildings laws; the Energy Performance of Buildings Directive and Energy Efficiency Directive. 
Considering the climatic conditions in Latvia, the envelope is significant element of construction in order to reach 
energy efficiency. Energy efficiency is extremely important due to the length of heating season. According to 
Latvian building standards heating season is defined by average number of days when outdoor temperature is stable 
under 8°C over 30 years’ period. The average length of heating season in days’ ranges from 193 to 214 depending 
on the area [4].  
For adequately constructed buildings, that meet the legislative requirements, the heat transfer coefficient U value 
for external walls is usually lower than 1.3 W/(m2·K). Studies show that thermal characteristics of building 
envelopes of standard design buildings constructed during the Union of Soviet Socialist Republics are usually in the 
range from 0.8 to 1.2, however, in some cases the actual U values of external walls are up to 2.0 W/(m2·K) [5]. 
According to the data of Central Statistical Bureau as of year 2009 the average total delivered energy 
consumption of residential sector in Latvia accounts for 292 kWh/m2 (287 kWh/m2 with climate correction). Out of 
that energy consumption for heating alone per household space accounts for 197 kWh/m2 (193 kWh/m2 with 
climate correction). In order to meet the EU’s requirements and contribute to the global climate change mitigation 
goals Energy Development Guidelines for 2007–2016 of Latvia defines goals of the policy to be reached in the field 
of energy performance of buildings. In terms of energy consumption over the period until 2016, the average specific 
consumption of thermal energy in all buildings must be decreased from 220-250 kWh/m2/year to 195 kWh/m2/year. 
However, the implementation of energy efficiency improvement measures will have to be continued to meet the 
goal of 150 kWh/m2/year by 2020. 
2.3. Indoor environmental quality 
When considering the overall comfort of the households, indoor environmental quality and in particular the 
indoor air quality is crucial. One of the most straight forward criteria for assessing the indoor air quality is the CO2 
concentration along with other measures such us VOC and dust concentration and humidity levels. These and other 
elements are important both for comfort, as well as for the quality and sustainability of the buildings as the negative 
impact of poor indoor air quality in long term are evident for human health and for the exploitation of various 
structural elements of buildings.  
The current research in existing building stock, as well as in newly renovated buildings show unsatisfying results. 
Firstly, in terms of thermal comfort, the range of temperatures in various rooms is 15 to 24°C. Such variety is not 
only negatively impacting the comfort, but also creates environment for condensation, and therefore mold [6]. 
The only way to improve these measures is to plan deep renovations in a collaborative way and ensure expertise 
that allows providing adequate comfort levels after renovations. This is an issue highly relevant for all building 
sectors – households, offices, schools, commercial properties and public buildings.  
2.4. Renovation efforts 
The aging existing building stock needs urgent attention. The different types of buildings require different 
approaches – municipal buildings, schools, residential sector, public buildings, commercial properties, industrial 
buildings. The EU’s structural funding in the period of 2007-2013 as well as emissions trading investments along 
with state and local governments support have kick-started the renovation efforts in Latvia.  
For example, when looking at a period of 2009-2014 with the support of European Regional Development Fund 
(ERAF) 1440 residential projects have been developed and 740 finished. The average thermal energy savings 
achieved as a result of the implementation of the renovation measures is in the range of 30%, all the way up to 57%; 
thus, a significant increase in the energy performance of multi-dwelling residential buildings was obtained. 
According to the data of the Central Statistical Bureau (CSB) about the issued construction permits for 
reconstruction of residential buildings, since 2003, 2–3 % of one-dwelling buildings and 1–2 % of two and more 
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dwellings buildings have been renovated. Since 2008 51 social residential building renovation projects have been 
completed, resulting in about 20% energy savings [3]. 
The revenue from emissions trading under the Article 17 of the Kyoto Protocol to the United Nations Framework 
Convention on Climate Change was, inter alia, diverted towards reducing carbon emissions resulting in energy 
production for meeting the energy demand in buildings. Table 1 represents the results in terms of CO2 reduction 
after the implementation of energy efficiency measures across different Climate Change Financial instrument 
(CCFI) programmes. CCFI is an instrument implemented by the Ministry of Environment Protection and Regional 
Development of Latvia in order to invest the revenue from emissions trading.  
     Table 1. Renovation efforts under the CCFI [8] 




reduction in 2014, 
t CO2 
Energy efficiency increasing in municipal 
buildings 
222 16 868 
Energy efficiency increasing in higher 
education buildings 
13 2 705 
Complex solutions for reducing CO2 emissions 
in state and municipal education institutions’ 
buildings 
24 4 569 
Complex solutions for reducing CO2 emissions 
in production buildings 
60 13 522 
Low energy consumption buildings 14 1 084 
Complex solutions for reducing CO2 emissions 
in municipal buildings 
112 7 621 
Overall under the CCFI energy efficiency measures were applied on 445 buildings, resulting in CO2 emissions 
reductions of 46 369 tonnes as of year 2014.  
Whilst the existing renovation efforts have raised awareness and given a very necessary push for the industry and 
society, the implementation of renovations have also shown a number of problems in order to assure high quality 
renovations and room for development. These barriers are somewhat specific to the public sector investments; 
however, they outline the necessary improvements in the system in order to assure enabling environment for private 
capital flows in the long term. The existing barriers and possible solutions are discussed in the following paragraphs 
of this paper.  
3. Hypothesis 
When looking at different barriers and along the existing stereotypes, it becomes evident that there is no simple 
answer to increasing the rate of renovations. However, the existing efforts show potential for rapid increase in 
renovations and quality improvements. 
The hypothesis of this paper states that in a collaborative manner between different stakeholders, deep energy 
efficient renovations will evolve, however society need to ask for it, specialists need to be continuously trained and 
their skill set improved, legislation needs to enable and coordinate progress, and last but not least finance is already 
out there, waiting to be invested in improving the quality of our lives.  
4. Structure for enabling deep renovations 
This section of the paper revises some of the most important barriers and possible solutions for deep energy 
efficient renovations and discusses some specific examples of necessary improvements. The possible solutions are 
based on existing initiatives in various EU countries. There is a potential of replicating these solutions EU-wide in a 
coordinated knowledge-sharing manner in order to learn from best practices across the EU member states.  
 Maija Krizmane et al. /  Energy Procedia  96 ( 2016 )  404 – 412 409
4.1. Policies and regulations 
The national and local policies and regulations are the main instruments for implementing EU directives. 
Enabling policies and regulations set out clear long term goals in order to mobilize the industry and society to 
develop in an ambitious direction.  
One of the instruments for accelerating the renovation rate is tax policies. The increase of property tax after 
renovation is one of the key concerns for positive decision towards energy efficient renovation among society. 
Currently tax incentives for promoting reconstruction and renovation are not being fully exploited. Reconstruction 
and renovation of buildings requires significant investments and, in most cases, financial commitments to creditors. 
Real estate tax policy is not widely used to promote reconstruction and renovation of buildings. Local governments 
by use of their binding regulations may provide for allowances to separate categories of payers of property tax in the 
amount of 90%, 70%, 50%, or 25% of the amount of property tax, but this possibility has not been widely used by 
municipalities [9, 10]. 
Additionally, public sector procurement procedures need to be set in a way that allows procuring deep 
renovations and sustainable construction. Firstly, Public procurement regulations should be made suitable for long-
term service contracts for energy efficiency purposes. Secondly, public sector should be encouraged to follow green 
procurements and other high energy efficiency performance criteria when purchasing energy-efficient products, 
services and buildings [9, 11]. 
Looking at solution across the EU, for example, in order to push forward innovative ideas towards sustainable 
construction and renovation, an organization was established called Chance for buildings. Chance for Buildings is 
an alliance by leading trade associations that supports energy efficient construction. It brings together the Czech 
Green Building Council, Passive House Centre, Mineral Insulation Manufacturers Association, Energy Service 
Providers Association and Energy Specialists Association. It represents over 300 companies across the entire value 
chain of building construction and renovation. Chance for Buildings aspires to reap the crucial societal benefits of 
energy efficient buildings. It advocates for favourable policy and economic incentives, including proper 
implementation of relevant EU directives in the Czech Republic [14]. 
4.2. Finance and economics 
The ultimate goal is to attract the private capital for energy efficiency investments, however, in order to do so, the 
risk related elements in energy efficiency investments need to be mitigated. The public funding currently available 
has already proven to solve some of the issues related to implementation of energy efficiency measures. However, 
public funds are also difficult to administrate in a manner to make those attractive. Therefore, with the lesson 
learned, the stakeholder need to mobilize in order to enable investor ready environments and projects. 
For example, some of the deep renovation solutions provide long term benefits, but also require long term 
financing. Currently the market shows lack of availability of a long term financing (up to 20 years). Long-term 
renovation loan with low interest rate would be suitable for apartment associations wishing to renovate an apartment 
building and renovation grants. Possibility to use long term low credit rate loans provided by international financial 
institutions, for example, European Bank for Reconstruction and Development Bank, should be explored and 
implemented [9, 12]. 
Croatia has shown an example in terms of public investments. The Environmental Protection and Energy 
Efficiency Fund is the central point for collecting and investing extra budgetary resources in the programmes and 
projects of environmental and nature protection, energy efficiency and use of renewable energy sources.  It is the 
leading incentivizing institution in Croatia driving energy efficiency, renewable energy use, and early stimulation of 
deep renovation in the building sector.  The following public calls and competitions were to fund energy renovation 
of existing single-family houses, to co-finance energy renovation of apartment buildings and to co-finance energy 
renovation of non-residential buildings.  Similar calls and competitions have been published for all building types 
[14]. 
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4.3. Skills and capacity building 
The skillset and capacity of the number of stakeholders in the renovation process is very comprehensive. As the 
renovation process, similarly to the construction processes is generally complex and specific, expertise is required to 
ensure quality of implementation starting from the decision making up to the exploitation of the renovated building. 
In this sense, in some cases robust and non-complex solutions are preferable in order not to add an unnecessary 
burden on the building sector professionals.  
Poor management of residential buildings, lack of capacity and experience of building owners and managers, lack 
of regular and positive information and publicity on necessity to increase energy efficiency, lack of technical and 
financial support that leads to poor, low quality of construction works and lack of quality control of the quality of 
construction works are only some of the barriers that interfere with quality in renovation processes. Lack of project 
management groups that would ensure experts such as energy auditors, designers and construction supervisors 
which within the scope of their competency would ensure that an energy efficiency project is prepared and 
implemented according to the requirements and wishes of apartment owners and requirements of normative acts in 
the field of construction and energy performance of buildings, as well as the fact that the planned energy savings 
would be obtained after completion of an energy efficiency project of a building [3, 10, 13]. 
One of the areas where the knowledge can be improved at early stages are schools. In order to do so in the 
Netherlands in 2015 for almost 9000 primary and secondary schools the Green Deal School programme has been 
launched. It is a cooperation between 4 ministries, umbrella organisations of school boards and local authorities and 
executive organisations such as the Netherlands Enterprise Agency (RVO), for 2016 and 2017. The programme will 
be executed as part of the Dutch National Energy Agreement. Our goal is to improve the energy performance and 
the indoor climate in school buildings. Because a healthy school stimulates students and can lower the costs for 
energy and maintenance. The Green Deal will provide the target groups with a helpdesk, agenda setting, website, 
best practices and a support programme especially for school boards. RVO facilitates the Green Deal with Tools, 
such as Guidelines for design specifications (Programma van Eisen Frisse Scholen), Installation Scan, List of energy 
and indoor climate measures, Guideline for tendering, PV Tool, a Database with more than 500 energy efficient 
buildings, etc. [14]. 
4.4. Awareness raising 
Awareness among society on the benefits of energy efficient and deep renovations is essential for achieving large 
scale renovations. It is also an opportunity to encourage building occupants to improve their living conditions and 
understand the number of benefits deep renovation can bring, not only the obvious aesthetical improvements and 
thermal comfort, but also long, medium and short term economic benefits, improvements of indoor environmental 
quality, hence their health and well-being, but also awareness of global efforts in terms of climate change mitigation.  
Building occupants and owners still are not convinced about the need to renovate buildings, in particular the 
multi-apartment buildings. The apartment owners often do not perceive the whole building as their property. There 
is lack of trust in different renovation financing models, as well lack of knowledge about renovation process and 
possible technical solutions [12]. 
In Latvia campaign ”Let’s live warmer” aims at promoting cooperation between industry associations to ensure 
the flow of information about current industry promotion, promoting information about apartment house 
management; Promoting information about EU funding for housing insulation, providing information about benefits 
of insulation, educating people about conditions providing qualitative insulation, providing information about 
construction quality standards and technologies, informing people about latest trends in housing insulation issues. 
Over the five years of its operation 210 events were held with more than 6,700 participants and additional 2,740 
online participants. Additionally, the programme has large set of followers on social networks, where they are 
informed about current trends and innovations in energy efficiency practices and policies [14]. 
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5. Sequence and cross-cutting elements in renovation strategy  
The different examples of successful initiatives show that there are good practices out there that strive renovation 
efforts. One of the key challenges of identifying the most successful practices is the impact data collection, meaning 
that for many of these initiatives only the expected impact is estimated, but no measures to evaluate actual results 
have been taken. Another opportunity is replication of these various success models across the different EU 
countries. However, in order to do so, extensive collaboration and coordination is necessary among different 
stakeholders – central and local governments and other public institutions, financial services, construction 
businesses, energy sector, research and academic institutions, non-governmental actors, domestic and non-domestic 
building users, and also sectoral and general media.  
Renovation is a complex process and there is no way that these efforts can work without support of others. For 
example, when implementing a new financial model, investors need to be able to rely on the construction sector for 
quality in implementation, otherwise the investments will face unpredicted risk levels. Similarly, policies need to 
ensure that there are no barriers for such financial models. Awareness is an umbrella process throughout all stages of 
any innovative approach – both within the professionals and building users.  
This being said, the efforts in policies and legislation matters, financial and economic interventions, in terms of 
skills and capacity and raising awareness need to be consistent, focused and simultaneous.  
6. Conclusions 
The existing building stock needs urgent attention regarding the energy efficiency improvements and deep 
renovation all-together. It is crucial to implement measures in order to preserve the inevitable impairing of the 
conditions and comfort of building occupants, in particular the residential buildings stock.  
Similarly, to the other post-soviet republics in the EU, multi-apartment stock, firstly, holds a large majority of 
homes and secondly can be characterized with low quality materials and envelopes. These buildings however hold a 
large potential for improvement. 
Energy consumption reduction is not only beneficial to the wealth of buildings’ occupants and therefore overall 
economy. 2016 is a historical year for taking a step closer towards fight against climate change. The new Paris 
agreement was signed on 22nd of April 2016 and buildings will have to play a role globally in order to collectively 
fight against adverse effects of climate change.  
The impacts and results of the first investments from public funds into energy efficiency improvements and 
renovations are becoming evident. The results show both positive results and drawbacks that can be improved. 
Often, indoor air quality after renovations is poor due to insufficient air exchange rates.  
The lessons learned can now be used in order to improve renovation processes. Coordinated approach between 
the industry, investors, government officials, politicians as well as building users’ needs to be put in place in order to 
improve the approaches and meet ambitious targets set out both globally and within the EU.  
Policies and legislation, finance and economics and skills and capacity are the key elements for successful 
renovation uptake. Each of these areas show some barriers that prevent renovations from happening, however the 
experiences across the EU show great potential to overcome these barriers.  
Along with these three elements, awareness raising within the society, politicians, businesses and construction 
sector workers is an umbrella process. The value of deep renovation needs to be advocated within these various 
groups.  
None of the number of barriers and difficulties when implementing the deep renovations, compares to the 
potential benefits and positive impact of such interventions. The coordination and collaboration efforts in order to 
mobilize the industry and society towards the collective goal is an important movement towards health and well-
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